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I.  INTRO DUG TI ON 

During  recent  years  the  Bureau  of  Standa,rds  has  received 
increa.sing  numibers  of  requests  for  information  concerning  the 
corrosion  of  underground  tanks  and  burial  vaults.  To  meet 
these  reauests  in  an  efficient  way  it  has  seemed  desirable  to 
8,ssemble  such  information  as  the  Bureau  has  at  hand  which  per- 
tains to  this  subject.  The  Burea'i  of  Standards  has  made  no 
direct  tests  of  the  action  of  soils  on  buried  containers  but 
it  has  conducted  extensive  investigations  of  the  corrosion  of 
pipe  materia-ls  and  pipe  lines  together  with  studies  of  methods 
for  reducing  underground  cor'-oslon  losses.  Much  of  this  infor- 
mation is  pertinent  to  underground  containers  so  far  as  they  are 
affected  by  soils,  although  the  aoplication  of  the  data  is  som.e- 
what  different  from  their  use  with  respect  to  pipe  lines. 

As  m.ost  of  the  inquiries  com.-  from  people  who  may  be  un- 
familiar with  the  teclinlcal  features  of  corrosion,  this  paper 
will  deal  with  its  subject  in  a.  non  technical  way. 
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II.  CAUSES  AiIP  OHARAGTSRISTICb  OR  CORROSION 


.Any  1:10.’.  oi  uniCornitv  In  th^-  burieS.  metal,  In  the  soil 
which  s'urroniii  s Lt,  or  in  the  contacts  betwee-n  che  metal  and 
the  s o i 1 ^ is  a cj  o 'c  £ n t i al  c au  s e of  c c r r o s ion,  a J . t houph  t h.e  in  - 
portanoe  of  some-  of  thve  dif '"’erenr  es  may  not  be  g.reaT  . boi'’.s 
dilfei’  gTeai'l,''  fc'^rn  pl'a;e  tj  plRc--:^  as  en’/one  who  has  had  oo- 
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Table 


Estimated  Depth  of  Deepest  Pit  on  0.1  sq  ft  of  Steel 
Exposed  for  12  Years. 


Soil  No,  and  Name 

Location  of 

Pit  Depth 

Standard 

Test  Site 

in  Mils^ 

Devla  tion 

2-  Bell  clcoy 

Da.llas,  Tex. 

5'"'.  3 

7.5 

3“  Cecil  clay  loam 

Atlanta,  G-a. 

76.^ 

13.1 

4—  Chester  loam 

Jenkintown,  Pa. 

97.3 

26.9 

7“  Fairmount  silt  loam 

Cincinnati,  0. 

45.  ^ 

6 , S' 

S~*  Fargo  clay  loam 

Fargo , li . D . 

90.9 

19.9 

11-  Hagerstown  loam 

Baltimore,  Md. 

79.2 

16.9 

l4—  Hem.p stead  silt  loam 

St.  Paul,  Minn. 

10S.2 

29.2 

l6-  Kalm.ia  fine  sandy  loam 

Mobile,  Ala. 

SI.  3 

16.  3 

17“  Keyport  loam 

A1 e xand r i a , Va . 

4-6.7 

3.0 

IS-  Knox  silt  loam 

Om.aha , N eb , 

61 . 6 

25.3 

19“  Lindley  silt  loam 

Des  Moines,  la. 

69.3 

11.3 

22-  Memphis  silt  loam 

Memohls,  Tenn. 

b4,  5 

6.2 

25“  Miam.i  clay  loam 

Mi  1 \’^auk e e , \Vi  s . 

53.^^ 

9.9 

2S*-Mont ezum.a  clay  adobe 

San  Diego,  Calif. 

173.3 

32.4 

3O-  Muscatine  silt  loam 

Davenport,  la. 

64.4 

i7.6 

32-  Ontario  loam 

Rochester,  IRY. 

63.9 

12.7 

36-  Rust on  sandy  loam 

Merldia.n,  Miss. 

53-2 

7.0 

37-  St.  Johns  fine  sand 

Jacksonville,  Fla.. 

79.0 

20.3 

39“  Sassafras  silt  loam 

Wilmington,  Del. 

69.3 

66.6 

4-0-  Sharkey  clay 

New  Orleans,  La. 

S6.1 

24.2 

4-1-  Summit  silt  loam 

Kansas  City,  Mo, 

79.1 

11.3 

4-2-  Susquehanna  clay 

Meridian,  Miss. 

10S.4- 

17.6 

4-3-  Tidal  marsh 

Elizabeth,  N.J. 

123-9 

32.1 

4-4—  Wsibash  silt  loam 

Omaha,  Neb. 

69 . 6 

1 v 0 

1 J • c 

^ From  NBS  J. Re search  16 

, W9. 

^ A rail  is  0.001  inch. 

Specimens  exposed  for 

10  years  only. 

The  sta.ndard  devia,tion  indicates  how  nii'.oh  ei  singJ.e 

ob  serva- 

tion  may  be  expected  to 

differ  from  the  average.  If  the 

da.ta 

were  normally  distributed  9F  percent  of  the  0 

cservations 

should 

not  differ  from  the  aver 

aj-ce  by  more  then  tmice  the  standard  de- 

viation.  Actually  data 

on  r.,f.ximum*  pit  deoths 

are  not  distributed 

normially  and  somewhat  le 

ss  than  9^,%  of  t.he  ob 

ser^'^ations 

of  pit 

depths  for  certain  soil 

conditions  .nave  been 

found,  to  li 

e within 

the  range  of  the  average 

plus  or  minus  t^^dce 

the  standard  devla- 

tion. 


4. 
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Table  2 wbioh  gives  the  thickneSvS  of  some  of  the  sheet 
metals  used  in  the  construct ion  of  some  underground  tanks  and 
grave  vaults,  will  be  of  interest  when  table  1 is  considered. 


Table  2.  Thickness  of  Sheet  Metal  Used  in  Underground 

Construction. 


U.S.  g’age  No 


Thickness 


in  mils 


.1 

5 

6 
7 

■9 

10 

11 

12 

in 

16 

17 
ig 


200 

234 

219 

203 

Igg 


172 

106 

141 

120 


109 

94 

7g 

70 


50 


■■  A mil  is  0,001  inch. 

Another  characteristic  of  soil,  corrosion  is  that  on  the 
average  the  deepest  pit  on  a large  area  will  be  deeper  than  the 
deepest  pit  on  a smaller  area  of  the  same  metal  exposed  to  the 
same  soil  condition^,  i.e.,  there  is  a greater  probability  of 
a leak 'developing  in  a large  tank  than  in  a small  one  having 
the  same  wall  thickness.  The  importance  of  this  fact  is  some- 
what reduced  by  the  fcsct  that  usually  large  ta^nks  are  made  of 
thicker 'material  than  small  ones.  However,  if  the  Bureau's  data'^ 

■^See  appendix  for  list  of  Bureau  of  Standards  publications  on 
unde rground  corrosion , 

on  maximum  pit  depths  are  to  be  used  in  estimating  the  pit  depth 
on  a.  grave  vault  or  a 1000-gallon  tank  they  should  be  increased 
by  a factor  of  from  2 to  3 depending  on  soil  conditions. 

The  third  iraporta.nh  c''i/''rrct eristic  of  soil  corrosion  data 
is  that  they  are  reproducib].*^  only  within  rather  large  limits. 

Two  tanks  subjected  to  rpo?*;.  -lit^  identical  soil  conditions  may 
not  serve  for  the  samie  time. 
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While  the  re/erage  of  p r/araber  of  tests  is  reproducible  to 
a satisfactory  degree,  the  individual  observations  may  differ 
widely  and  the  average  indicates  only  in  a rough  and  general 
way  what  may  happen  in  a single  casCc  On  this  account  some 
allowance  as  a factor  of  safety  should  be  made  I'^hen  corrosion 
data  are  used  to  estimate  the  minimium  expected  life  of  a 
buried  tank. 

Corrosi'/e  and  non-corrosive  soils  occur  in  almost  all 
parts  of  the  United  States  and  often  lie  quite  close  to  each 
othero  Usually  well  drained  soils  are  not  corrosive,  but  this 
is  not  p.lways  the  case,  A number  of  tests  have  been  developed 
by  means  of  which  the  corrosi'^'enr-ss  of  a soil  can  be  detei’- 
mined  roughl*".  These  tests,  however,  are  only  reliable  when- 
made  and  interpreted  by  one  familiar  vhth  such  work. 

_One  who  is  seriously  concerned  with  underground  corrosion 
should  therefore  have  tests  maae  by  an  expert  in  soil  corrosion 
or  assume  .that  the  soils  may  be  corrosive  and.  orotect  his  proper 
ty  accordingly.  There  are  a lar^s  number  of  ways  of  avoid-ing 
corro.slon  .losses,  each  of  which  has  its  place  under  some  condi- 
tions and  most  of  ^'^^hicii  are  inadv  isable  under  ovher  conditions. 

Ill , CORROSION  REdlSTAUT  MATERIAI.S 

Perhaps  the  ideal  way  to  avviid.  corrosion  would  be  through 
the  use  of  an  inexpensive  corrosion  resistant  material.  Several 
inexpensive  ifuaterials  which  are  resistant  to  certain  corrosive 
conditions  are  available.  Unfortunately,  different  conditions 
require  different  materials.  Coop er-b earring  steel  is  a particu- 
larly good  example  of  tniSo  Uhen  copper-b earing  steel  is  ex- 
posed to  atmospheric  corrosion,  a thin,  dense  coatiri0:  of  rust 
is  formed  which  grba.tly  retards  further  corrosion.  The  same 
material  does  not  appear  to  be  especially  resistant  to  corro- 
sion when  exoosed  to  water  or  to  soils.  Other  examples  could 
be  cited.  The  problem,  is  therefore  to  find  a material  suited 
to  the  conditions  to  which  it  will  be  exposed,  and  i.n  the  solu- 
tion of  this  problem  the  wide  ranae  of  soil  properties  must  be 
kept  in  m.ind.  A metal  which  resists  one  soil  condition  may  be 
unsuitable  for  a different  soil. 

Commercially  pure  iron  oroba"ly  loses  weight  somewhat  more 
slowly  than  ordinary  steel,  but  t.he  specimens  of  this  ma.terlal 
in  the  Bureau  of  3tanda.rds  tests  'sere  not  superior  to  other 
metals  tested  with  respect  to  the  depth  of  the  deepest  pits. 

The  precision  of  these  tests  was  insufficient  to  positively 
indicate  that  a.ny  one  of  the  ferrous  m.aterials  comm.only  used 
for  pipes  was  superior  to  the  otb''-'rs.  Steels  containing  small 
percentages  of  chromium,  copper,  molybdenum,  silicon  or  nickel 
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do  not  differ  greatly  from  steels  without  the  alloying  elements 
in  their  resistance  to  soil  corrosion.  There  is  some  indication 
that  phosphorus  in  steel  tends  to  decrease  the  rate  of  pitting 
but  the  evidence  is  not  conclusire. 

High  percentages  of  chromium  cilone  are  insufficient  to  pre- 
vent serious  corrosion  in  soils  containing  chlorides.  Stainless 
steel  of  the  18-S  variety  is  very  resistant  to  most  of  the  soils 
to  which  it  was  exposed.  There  is  some  indication  that  the  sur- 
face finivSh  and  heat  treatm.ent  o"  this  material  affects  its 
resistance  to  corrosion. 


G-ray  cns'c  iron  corrodes  as  fast  cS  or  faster  than  stt.  el 
under  most  soil  conditions,  Howt;ver,  it  is  usually  Lhicher 
than  steel  used  for  the  se^mie  purpose  and  a larger  part  of  the 
corrosion  products  remiains  in  piece , These  combined  with  the 
impurities  or  alloys  in  cast  iroi.  tend  to  plug  the  pits  and  add 
somewhat  to  the  strength,  of  tn''  remaining  m.etal  so  'Chat  under 
favorable  conditions  badly  corro''.ed  cast  iron  will  continue  to 
witiistand  mode]"ate  pressures. 

White  or  chilled  cast  iron  /'-'py  be  somewhat  moru  resistant 
to  corrosion  tnan  gray  ca^t  iron  oecause  of  the  reduction!  in  the 
number  ana  size  of  praohite  f.Lr:k>'-3.  since  corrosion  in  gray  iron 
seems  to  follow  these  graphite  particles.  The  very  limited  data 
available  on  malleable  iron  Indi^.ate  that  it  corrodes  at  about 
the  same  rate  as  steel. 

Of  the  non-ferrous  metals  vrich  have  been  tested  by  the 
Bureau,  copper  and  alloys  containing  80  or  more  percent  of 
copper  are  tne  most  generrd.ly  resistant  to  soil  action.  Copper 
corrodes  in  soils  containing  large  percentages  of  decaying  or- 
ganic matter.  Yellow  brass  corrodes  badly  in  some  soils  on  ac- 
count of  dezincif ica tion . Very  limited  tests  of  aluminum,  and 
two  of  its  alloys  indicated  that  these  materials  were  unsa.tis- 
factory  in  alkali  soils. 

Lead  forms  its  own  protective  coating  when  subjected  to 
well  aerated  soils  containing  carbonates  or  sulphates  but  there 
a^re  a.  few  soils  in  which  lead  pits  rather  badly.  Zinc  also  pits 
deeply  in  some  soils, 

A very  rough  idea  of  the  re‘',ative  merits  of  some  of  the 
commonly  used  materials  may  be  obtained  from  table  3,  Only  in 
rare  cases  will  tanks  be  placed  in  muck  or  tidal  marsh  soils. 

Not  all  ol  the  data  are  strictly  comparable  because  of  differ- 
ences in  the  ages  a.nd  dimensions  of  the  specimens  but  the  errors 
due  to  these  causes  are  probably  not  very  large.  The  pit  depths 
recorded  are  the  avera.ges  of  the  two  deepest  pits  on  ea.ch  of 
ten  specimens  each  having  an  area  of  about  20  square  inches  of 
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surface  or  of  a proportionately  greater  number  of  pits  on 
larger  areas,  V/hen  the  data  are  applied  to  larger  areas  they 

should  be  Increased  for  reasons  already  explained, A method^ 

•'^K,  H. Logan,  3 . P.  E’''fing:,  and,  I, A. Denison.  Soil  corrosion  testing. 
A.S.T.M.  Symposium  on  Corrosion  Testing  Procedures  (1937) »P. 9b. 
for  adjusting  corrosion  data  to  take  account  of  the  effects  of 
time  and  area  has  been  proposed  for  ferrous  m.aterials. 

Sufficient  data  are  not  available  to  establish  the  effect 
of  time  and  area  on  the  pit  depths  on  rion--f errous  materials. 

For  some  of  them,  at  least,  it  seeins  probable  that  the  rate  of 
penetration  is  proportional  to  the  period  of  exposure. 

IV.  PROTECTIVE  COATINGS  FOR  BURIED  METALS 


All  of  the  data  referred  to  above  are  based  on  tests  of 
the  materials  xvlth  no  protecti’^e  coatings  except  such  as  a.re 
formed  in  the  course  of  their  manufacture  or  by  the  action  of 
the  atmosphere  or  the  soil  to  vlich  they  were  exposed.  While 
few  metallic  structures  except  pipe  lines  are  exposed  to  soil 
without  some  orotective  coating^  it  seemed  best  to  test  metals 
and  coatings  separately  in  order  that  it  might  be  possible  to 
distinguish  betv/een  the  corrosion-resisting  oroperties  of  the 
two  classes  of  m*aterials. 

1 . Metallic  Coatinps. 

Metallic  coatings  may  protect  the  metal  to  which  they  are 
applied  in  one  or  both  of  two  ways.  The  metal  of  the  coating 
may  be  more  resistant  to  corrosion  than  the  base  metal  or  it 
may  be  more  corrodible  and  protect  the  base  metal  because  of 
the  galvanic  action  set  up  when  the  base  metal  is  exposed  in 
spots. 

If  the  coating  is  more  noble  in  its  nature  and  is  punc- 
tured by  pinholes  or  abrasion  the  resulting  ga.lvanic  corrosion 
may  accelerate  the  corrosion  of  tjie  bas^^  metal. 

A very  good  discussion  of  metallic  coating:s  has  been  pre- 
pared  by  Rawdorr^  who  describes  mietnods  of  application  and  test- 

*H,  .S.Ra.wdon . Protective  raetallic  coatings.  The  Chemical 

Catalog  Co, 

ing  but  presents  only  limited  data,  on  the  behavior  of  coatings 

underground. 

(a)  Zinc,  - Zinc  a 'plied  by  the  hot -dip  process  is  the  m.ost 
commonly  used  metal,  foi^  a,  ni'’ ')t^  ctiAre  coasting.  Zinc  cori'^odes 
less  rapidly  than  st'.-al  Isl  many  soils  and  wiien  the  iron  or  steel 
is  finally  exposed  gal':anic  action  tends  to  prevent  corrosion  of 
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the  ferrous  metal  until  the  zinc  immediately  adjacent  to  the  ex- 
posed point  has  been  remoxede  Tie  extent  of  this  galvanic  pro- 
tection depends  upon  the  thickner 3 of  the  zinc  and  probably  to 
som.e  extent  on  the  elect'^ical  conductivity  of  the  soil  solution, 
Ooii'iions  as  to  the  ef f ectiirenoss  of  zinc  as  a coating  differ 
widely,  oartly  because  of  the  differences  in  soil  conditions 
to  which  the  gal.xanized  materials  were  exposed  and  T^artly  b.--- 
cause  of  the  differences  in  the  ^weights  of  coatings  tested. 

The  Bureau  of  Standards  exo-^rim.ents  do  not  show  definitely 
wiiat  soil  conditions  are  favorable  or  unfavorable  to  galvanized 
materials,  but  a coating  of  2oS  oz  per  sq  ft  orevented  the  for- 
ma.tion  of  measurable  pits  in  all  but  one  of  the  soils  to  a/hich 
it  was  exposed  for  10  years.  This  soil  contained  relatively 
large  percentage  of  sulphaites  a„nd  was  very  corrosive  with 
respect  to  iron  and  steel.  In  order  to  get  a coating  of  this 
thickness  on  formed  sheet  meta.l  it  would  probably  be  necessary 
to  ga.lvanize  the  container  afner  it  was  formed  since  heavy 
coatings  of  zinc  sca.le  off  when  the  metal  is  bent  sharply. 

(b)  Learie  - The  lead  coatinrs  applied  to  the  pipes  in  the 
Bureau  of  Standards  tests  were,  on  the  average,  from  0.002  to 
0,003  inch  in  thickness  with  spo^’^s  which  were  much  thinner. 

Some  of  the  coatings  probably  contained  pinholes  also. 

The  tests  referred  to  indicr-te  that  the  lead  coatings  were 
inferior  to  the  zinc  coatings  in  the  same  tests.  This  may  be 
due  to  pinholes,  or  because  the  lead  corroded  sufficiently  to 
expose  the  steel  to  which  it  ^’^as  o.pplied.  The  galvanic  action 
set  up  when  the  steel  was  exposed  tended  to  accelerate  the 
pitting-.  Nevertheless,  on  the  the  pits  on  the  lead- 

coated  specimens  were  fewer  and  shallower  than  on  unprotected 
steel  during  the  first  ten  years  of  exposure.  The  behavior  of 
lead  suggests  that  in  m.any  soils  a.  heavy  coating  of  lead  free 
from  pinholes  miight  afford  excellent  protection  to  steel, 

(c)  Aluminum-Galori zed  (aluminum-coated)  specimens  were 
exposed  to  so  few  soils  that  the  data  are  inconclusive.  How- 
ever, the  indications  are  tha.t  c lorizing  as  applied  to  the 
specimens  tested  is  not  a.ltovether  successful,  thoug’h  it  ap- 
pears to  reduce  materially  the  rate  of  penetration  at  least 
for  g years. 

The  belwior  of  copper,  stainless,  steel,  and  steel  high 
in  nickel  suggests  that  ply  raetar'.  consisting  of  ordinary  steel 
with  a layer  of  the  other  m.etal  on  the  outside  might  provide 
material  for  a corrosion-resistant  tank.  The  base  metal  ex- 
posed at  cut  edges  might  be  protected  by  the  noble  metal  sprayed 
on.  The  Burea.u  has  ma.de  no  tests  to  support  this  suggestion. 
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Limited  tests  of  oxide  coatings  such  es  foundry  and  mill 
scale  indicate  that  these  coatings  tend  to  protect  the  metal 
heneath  them,  but  that  it  is  difficult  to  maintain  a continuous 
coating  and  where  the  coating  is  broken  galvanic  action  tends 
to  accelerate  corrosion  and  to  loosen  more  of  the  coating.  The 
question  of  whether  or  not  mill  scale  should  be  removed  before 
another  coating  is  aipplied  is  a controversial  one.  If  mill 
scale  is  removed  it  is  necessary  to  coat  the  metal  Imjnediately 
as  rusting  begins  within  a few  hours  if  the  atmosphere  is  damp. 
Slight  rusting  interferes  with  the  adhesion  of  many  protective 
coatings, 

2 . Non-Meta.llic  Coatings. 

(a)  Paints,  Lacquers,  a.nd  otiier  Thin  Coatings,-  The  Bureau 
of  Standards  has  exposed  a large  number  of  paints,  lacquers, 

and  other  thin  coatings  of  organic  materia],  and  has  found  that 
with  few  exceptions  such  coatings  contain  pinholes  and  permit 
rust  to  develop  beneath  them  within  a few  years.  The  general 
conclusion  is  that  thin  organic  coatings  do  not  offer  complete 
protection  to  raeta.!  exposed  to  severely  corrosive  soils  although 
many  of  them  materially  reduce  the  loss  of  weight  during  the 
first  few  years  of  their  use.  Additional  tests  are  under  way 
and  it  is  of  course  possible  that  a satisfactory  thin  coating 
will  be  found.  In  several  cases  the  pit  depths  on  specimens 
protected  by  thin  coatings  have  been  deeper  than  those  on  the 
corresponding  unprotected  specimens.  It  is  impossible  to  deter- 
mine positively  at  this  tiise  whether  such  results  are  accidental. 
However,  until  the  value  of  some  thin  coating  has  been  definite- 
ly established  it  is  safer  to  use  a thick  protective  coating 
where  soils  are  corrosive, 

(b)  Thick  Bitumhnous  Coatings,-  BituminoLi s coating  materials 
originate  mostly  from  two  sources,  - the  refining  of  petroleum 
and  the  manufacture  of  gas  or  coke  from  coal.  The  petroleum 
products  are  known  as  asphalts.  They  differ  amonm  themselves 
because  of  the  differences  in  petroleums  and  because  of  refin- 
ing processes  and  subsequent  treatment.  Coal  tar  pitches  also 
differ  greatly  in  several  respects. 

Other  things  being  equal,  coal  tar  pitch  absorbs  less  mois- 
ture than  does  asphalt,  is  miore  brittle  and  more  sei.ciiJlve  to 
changes  in  tem.perature.  The  hardness  of  each  material  depends 
partly  upon  its  softening  point  which  can  be  modified  to  a large 
extent  by  the  manuf actu.rer.  If  the  bitumen  is  too  hard  it  maj/" 
cra,ck  and  spall  off  when  subjected  to  a sudden  blow  or  change  in 
temperature.  If  the  sof t e.nij'ir’  pa.tnt  is  too  low  the  bitumen  may 
flow  under  its  own  weimht  or  under  tiie  pressure  of  the  soil  to 
which  it  is  exposed.  The  pr..n'-)ert i e.':"  of  some  bitumens  are  improved 
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with  respect  to  their  use  as  protective  coatj-ngs  by  the  oddition 
of  inert  material  such  as  finely  divided  silica,  mica,  slate,  or 
limestone.  Such  mixtures  are  frequently  called  eriaii:el&. 

Both  the  asphalt  base  and  tne  coal  tar  pitch  base  enamels 
have  their  strbna  and  their  weak  characteristics  and  neithor 
class  can'  be  .raid  to  be  definitely-  superior  to  the  other  'except 
perhaps  under  certain  conditions.  . " 

Enamels  may  be  further  improved  by  incorporating  in  them  a 
woven  fabric  or  felt  lm.pregnated  with  bitumen.  This  practice 
permits  the  building  up  of  a thio'  er  protective  coating.  The 
fabric  has  little  or  no  waterproofing  value  but  it  aids  in  keep- 
ing the  bitum.en  in  place  and  reduces  the  distortion  d.ue  to  the 
pressure  of  clods  ...and  stones.'  .'  When  soil  conditions  are  especially 
severe  a coating  consisting  of  several  successive  layers  of  bitu- 
men and.  fabric  is  frequently  used.  The  bitumen  is  applied  hot 
by  several  methods  the  choice  of  ’'’hlch  depends  largely  on  the 
structure  to  be  protected,  and  th'  conditions  under  which  the 
coating  must  be  applied.-  ' • 

Hot  bitumien  will  not  adhere  to  cold  metal.  It  is  necessary, 
therefore,  either  .to  heat  the  meta.l  to  approximately  the  soften- 
ing point  of  the  bitumen  or  to  apply  a priming  c-jat  consisting 
preferably  of  the  bltu.men  dissolved  in  a volatile  solvent. 

Tests'^  made  at  the  Bureau  of  Standards  indicate  that  organic 
*GTN. Scott  and  3. P. Ewing.  Pipe  line  fabrics.  American  Dye  Stuff 
Reporter  66.9;  Oil  U Sas  J.  I23. 

fabrics,  even  when  impregnated  with  bitumen  or  a disinfectant,  rot 
when  exposed  to  soils  containing  decaying  organic  matter  and 
moisture. 

Organic  c'^atings  have  two  serio'as  weaknesses.  It  is  difficult 
to  apply  them,  in  the  form  of  a continuous  coat  of  uniform  thick- 
ness, and  they  are  easily  injured  in  the  handling  of  the  struc- 
ture. Since  a single  bare  spot  on  a buried  tank  may  result  in  a 
leak  which, will  destroy  its  usefulness  or  necessitate  its  removal 
for  repairs,  it  is  d.esirable  to  t ■ st  the  coating  for  bare  spots 
before  ti'ie.tank  is  installed..  An  apparatus  for  such  tests  has 

been  developed.'** 

*0, W.  Cla.rvoe.  The  detection  of  flames  in  pipe  linP  protective 
coating's  before  burial..  Pipe  Line  News  #S,  p.13. 


After  the  tank  has  been  buri'-^d  the  coating  may  fail  and.  allow 
pits  to  develop.  Since  small  leaks  may  allow  the  fluid  to  escape 
into  the  earth  without  the  loss  becoming  evident  on  the  surface 
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of  the  ground,  some  means  of  following  the  deterioration  of  the 
coating  is  desirable. 

If  the  coating  has  a high,  electrical  resistance,  as  all 
organic  coatings  should  have,  the  measurement  of  the  resist- 
ance between  the  tank  and  a ground  plate  from,  time  to  time  may 
indicate  a change  in  the  condition  of  the  coating.  Such  mea- 
surements may,  however,  be  affected  by  the  resistance  of  the 
earth  and  thej^  should,  therefore,  be  made  when  the  soil  is 
moist . 


(c)  Cement  Coatings.-  A coating  of  one  or  two  inches  of 
cement  mortar  or  concrete  completely  surrounding  the  tank  will 
protect  it  against  corrosion  under  most  soil  conditions.  It  is 
impracticable  to  apply  such  a coating  to  a tank  before  it  is 
installed  but  the  cement  can  be  olaced  in  the  bottom,  of  the 
excavation  and  more  cement  poured  around  the  tank  as  soon  as 
it  has  been  placed  in  position.  A mold  of  thin  sheet  metal 
properly  supported  will  reduce  the  amount  of  cement  or  concrete 
required.  Serious  corrosion  is  not  to  be  expected  under  most 
conditions  even  if  small  cracks  develop  in  the  cement  or  con- 
crete since  there  is  sufficient  alkaline  material  in  the  cement 
to  render  such  water  as  reaches  the  tank  noncorrosive, 

V.  CONCLUSION 

This  paper  was  prepared  chiefly  to  answer  general  inquiries 
concerning  the  corrosion  of  tanks  and  grave  vaults.  In  such  a 
paper  it  is  not  practicable  to  .discuss  corrosion  in  sufficient 
detail  to  permit  rea.ders  to  solve  many  specific  problems.  The 
purpose  of  the  pcoper  is  rather  to  furnish  generally  useful 
information  and  to  direct  readers  to  papers  from  which  detailed 
data  applicable  to  their  problems  may  be  found.  To  this  e.nd 
references  to  outside  publications  have  been  made.  An  appendix 
is  attached  which  lists  the  publications  of  the  Bureau  of  Stand- 
ards that  deal  with -.underground  corrosion  and  its  mitigation. 

In  case  the  information  in  these  papers  is  not  clear  or  is  in- 
complete, further  information  may  be  requested  from  the  Bureau, 
Such  requests  should  be  specific  and  should  furnish  definite 
inform.ation  on  the  problem,  under  coneideration  if  a helpful 
answer  is  expected. 

Lack  of  time  or  a.ata  may,  of  course,  prevent  a complete 
answer  but  -inq-uiries  are  always  welcomied. 
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Titl i ’ Price 

Technologic 

Pacer  N0.36G  --  Bureau  of  Standards  Soil-Corrosion  Studies. 

(Nl^S  Tech.  I.  Soils,  Materials  and  Results  of  Early 

Papers -22,  Obsenvations $ .50 

Research 

Paper  N0.29G  -Pine  Line  Currents  and  Soil  Resistivity 

.(NBS  J.Re-  as  Indicators  of  Local  Gori'osive  Soil 

search  6,623)  Areas IB 

Research 

Paper  No. 329  - Soil-Corrosion  St 'dies,  1930  - Rates  of 

(NBS  J.Re-  Corrosion  and  Pitting  of  Bare  Ferrous 

search  2>i)  Specimens 10 

Research 

Paper  No,  359  Soil-corrosion  Studies  - Nonferrous  Metals 
(NBS  J.Re-  and  Alloys,  Metallic  Coatings  and  Specially 
search' 7, 525 ) prepared  Ferrous  Pipes  Removed  in  1930 10 


Research 

Paper  No. 363  - Correlation  of  Certain  Soil  Characteristics 


(NBS  J.Re-  with  Pipe  Line  Corrosion 05 

search  7,637) 

Research 

Paper  N0.B39  - Methods  for  Determining  the  Total  Aciditv 

(NBS  J.Re-  of  Soils 'I..  .05 

search  10  , Kl  3) 

Research 

Paper  No.  636  - Soil  Corrosio!i  Studies  1932  OB 

(NBS  J. Re- 
search 12, 119) 


Research 

Paper  No. 696  - Corrosion  of  Fcrr'-us  Metals  in  Acid  Soils.. 
(NBS  J. Re- 
search 125)  . 


05 
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Title  Price 

Research 

Paper  No, 8^3  - Soil  Corrosion  Stufies  1934.  Rates  of 

(NBS  J.Re-  Loss  of  V/eight  end  Pitting  of  Ferrous  of 

search  16,431)  Specimens print 

Research 

Paper  No. 913  - Electrolytic  Measurement  of  the  Gor- 

(NBS  J„Re-  rosiveness  of  S^^ils .05 

search  17>  363) 


Research 

Paper  No, 948  - Soil  Corrosion  Studies  I936.  Rates  of 

(NBS  J.Rc—  Loss  of  Weight  and  Penetration  of  Non- 
search 1^,  731)  ferrous  Materials .10 

Research 

Paper  No, 932  - Soil  Corrosion  Studies  1936-*  Field  Tests 

(NBS  J.Re-  of  Non-hituminous  Coatings  for  Underground 

search  361)  Use 10 

Research 

Paper  No. 1053  - Soil  Corrosion  Studies  1936-*  Bituminous 

(NBS  J.Re-  Coatings  for  Underground  Service .10 

search  ]^, 695) 


The  aUove  papers  may  he  secured  from  the  Superintendent 
of  Documents,  G-overnraent  Printing  Office,  Washington,  D.C., 
at  the  prices  indicated,  or  may  he  consulted  at  most  of  the 
larger  pollege  and  public  llhraLries. 


The  following  letter  circulars  may  he  secured  hy  ’'writing 
to  the  Bureau  of  Standards: 

LC434  - Soil  Corrosion  Surveys. 

LG430  - Tests  for  Non-metallic  Protective  Coatings  for  Under- 


LC5IO 

LG51S 

LC519 

LG521 


ground  Pipes. 

Protective  coatings  for  Underground  Pipe  Systems. 

The  Corrosivity  of  Soils. 

Cathodic  Protection  of  Pine  Lines. 

Corrosion  snd  Protection  of  Underground  Tanks  and 
Crave  Vaults, 


